The use in modern radioelectronic apparatus (REA) of such units as travelling wave valves, intermediatefrequency amplifiers, and input amplifiers is accompanied with considerable heat generation, which leads to a reduction in the durability and reliability of the apparatus. Therefore, besides high dielectric and physicomechanical properties, increased thermal conductivity requirements are laid down for these materials.
Generally, to increase the thermal conductivity of polymeric materials, different fillers, such as glass balls, powder metals, carbon black, and metal foil, are introduced into their composition. However, these composites have extremely low dielectric properties and are unsuitable for use in HF and UHF equipment.
To increase the carrying capacity of aircraft, in recent years an acute problem has been the creation of constructional dielectrics with increased dielectric permittivity ε′ and a satisfactory tangent of the angle of dielectric losses tg δ at high frequencies. Such materials are necessary for reducing the rest mass of HF condensers and other instruments used in on-board and navigational REA.
In this connection, in the present article an examination is made of the possibility of producing constructional heat-conducting dielectrics with increased dielectric permittivity, based on high-density polyethylenes (HDPEs) and finely dispersed powder metals (Mo, Al, Ti), their oxides (Al 2 O 3 , TiO 2 ), nitrides (AlN, BN, Ti 3 N 4 ), carbide and carbonitride (TiC, TiCN 4 ), and also crystalline silicon (Si) and silicon nitride (Si 3 N 4 ).
To investigate the compatibility of the given fillers with polyethylene, and to find their effectiveness, it was decided to introduce the fillers into both types of polyethylene, i.e. HDPE, in particular into low-(LPPE) and medium-pressure (MPPE) polyethylene, and low-density polyethylene (LDPE), i.e. into high-pressure (HPPE) and linear low-density (LLDPE) polyethylene.
Composites were produced by the mixing of melt components on a mill at 160˚C for 10-15 min and on a screw granulator at zone temperatures of 120, 160, and 220˚C.
Test specimens were manufactured by compression moulding of milled composites or granules at a temperature of 170-190˚C and a unit pressure of 7-8 MPa.
The results of investigating the effect of the additives examined on the heat-conducting, dielectric, physicomechanical, and processing properties of polyethylene are given in Figures 1-5 .
It is known that the processability of thermoplastic polymers and composites based on them is generally determined from their rheological properties. However, the most convenient index for the rapid assessment of the capacity of a particular thermoplastic composite for processing by injection moulding and extrusion is the melt flow index (MFI). Therefore, first of all we studied the concentration dependence of the MFI for the composites produced [1] .
From Figure 1 it can be seen that, with the introduction of filler in a quantity of up to 60 wt.%, the polyethylene composites retain sufficiently high melt flow. This governs T/57 their processability by all known methods in practically the same temperature regimes as for initial MPPE.
Increase in the MFI of the composite up to high degrees of filling (50 wt.%) with molybdenum is due to the fact that Mo, distributed between macromolecules, acts as a boundary lubricant facilitating mutual displacement of supermolecular structures. Increase in the mobility of structural formations promotes their mutual orientation, which in turn increases the strength of the composite. Reduction in the MFI of MPPE, however, when more than 30 wt.% aluminium and titanium oxides, boron nitride, and titanium carbide is introduced, is due to limitation of the mobility of the polymer macromolecules on contact with the hydrophobic surface of the additives, and in the region of high concentrations to the formation of framework structures of filler particles, which causes a considerable reduction in elasticity and the retention of high strength properties of the composite [2] .
The nature of change in the thermal conductivity of different types of polyethylene when heat-conducting fillers are introduced into their composition is presented in Figures 2 and 3 .
As can be seen from Figures 2 and 3 , the introduction of fillers in a quantity up to 10% has no significant effect on the thermal conductivity of the polyethylene, but further increase in the filler content leads to its sharper increase.
Such a trend of change in the thermal conductivity is due to the nature of distribution of the filler particles, namely to the fact that the first portions of filler (up to 10%) are distributed in the form of individual, unconnected particles and in practice have no significant effect on the thermal conductivity of the matrix. However, when the filler concentration is increased, the particles converge, they are oriented along the direction of the heat flux, and thermal bridges are formed, leading to a sharp increase in thermal conductivity. Here, the degree of increase in thermal conductivity on the whole is determined by the combination of properties of the filler -the thermal conductivity, specific weight, degree of dispersion, and shape of the particles [3] .
The greatest thermal conductivity is possessed by composites filled with BN, Al, and Si. However, although composites with Al have high thermal conductivity, their dielectric properties are low on account of the increased electrical conductivity of metallic aluminium, in view of which they cannot be used as HF dielectric materials. The remaining composites, however, with filling of up to 30 wt.%, retain their dielectric characteristics at the level of the specifications laid down for HF and UHF dielectrics. From Figure 3 it can be seen that higher λ t values are possessed by filled composite materials based on LLDPE. This is due to the high linearity and ordering of the structure of LLDPE. The λ t values of these composites with a content as filler of 40-60 wt.% crystalline silicon are 1.3-1.5 times higher than those of materials with other fillers.
The dependence of the dielectric properties of MPPE on the concentration of heat-conducting fillers is presented in Figures 4 and 5. As a result of the investigations carried out it was established that the dielectric permittivity of MPPE with up to 20 wt.% filler differs little from the values of the initial polyethylene, but, with further increase in the filler content, ε′ increases, reaching, with a filler content of 80 wt.%, values of 17-20 at a frequency of 10 GHz (Figure 4 ).
An important characteristic of a dielectric is its electric strength -the capacity to resist the destructive action of an electric field. It was established that, in MPPE composites containing 25-30 wt.% titanium and aluminium carbide and carbonitride and boron nitride, the values of E br vary in the range 30-40 kV/mm ( Figure 5 ).
The main physicomechanical and electrophysical properties of MPPEs filled with metal nitrides and carbides are given in Table 1 .
The investigation of the dependence of the strength and electrophysical properties of heat-conducting composites of MPPE on the duration of γ-radiation and UV irradiation showed that composites with aluminium nitride, molybdenum, and silicon nitride in practice behave like composites stabilised with antirads and light stabilisers. The given composites also exhibited increased resistance with variation in the working temperatures from -80˚C to +120˚C under conditions of dynamic loads [5] .
The stability of tg δ of the investigated composites at different temperatures, frequencies, and also under conditions of increased humidity, their good mechanical properties in a wide temperature range, and their increased thermal conductivity enable them to be recommended as high-frequency constructional dielectrics in thermally loaded apparatus. 
